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Abs t rac t  
The minor a tmospheric  c o n s t i t u e n t s  assoc ia ted  
w i t 1 1  and a£ f e c t e d  by a i r c r a f t  exhatist emissions 
a t  a l t i t u d e s  from 6 t o  20 km w i l l  be monitored i n  
f l i g h t  programs p r e s e n t l y  being implemented. 
Prel iminary i n  s i t u  d a t a  a r e  a v a i l a b l e  from f l i g h t  
t e s t s  of ded ica ted  instruments  t o  b e  used i n  these  
programs. A Global  Atmosplleric Sampling Program 
using Roeing 747 a i r l i n e r s  was determined t o  be 
f e a s i b l e  i n  s t u d i e s  conducted by a i r l i n e s  and 
a i r  frame companies. Worldwide monitoring i n  t h e  
t roposphere and t h e  lower s t r a t o s p h e r e  i s  planned. 
S t r a t o s p h e r i c  a i r  sampling on a more l o c a l  b a s i s  
w i l l  be done w i t h  a  U2 a i r c r a f t .  Measuring system 
e v a l u a t i o n s  and improvements have been requ i red  t o  
d e t e c t  the low background l e v e l s .  
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Various t e s t  v e h i c l e s  a r e  being used f o r  i n  
s i t u  and remote sens ing  measurements of minor a t -  
mospher i c  c o n s t i t u e n t s .  This paper p resen t s  and 
d e s c r i b e s  s e v e r a l  programs c u r r e n t l y  being imple- 
mented by t h e  Nat ional  Aeronautics and Space Admin- 
i s t r a t i o n  (NASA) which use a i r c r a f t  as c a r r i e r s  
for  instrument  packages f o r  i n  s i t u  measurements. 
These programs a r e  aimed a t  ob ta in ing  a i r - q u a l i t y  
d a t a  over  va r ious  per iods of time ranging from 
minutes ( i n  an a i r c r a f t  wake) t o  years  ( i n  t h e  
ambient environment); over a  wide range of a l t i -  
tudes ,  from 6 t o  20 ki lometers  ; and over  a  wide 
var iance  of g loba l  loca t ions .  
The cont inuing debate  regarding t h e  impact on 
t h e  n a ~ u r a l  ambient environment of a i r c r a f t  
o p e r a t i n g  a t  high a l t i t u d e s  is c o n t i n u a l l y  po in t ing  
o u t  t h e  need f o r  d a t a  regarding the s t a t u s  of 
c e r t a i n  tuinor atmospheric c o n s t i t u e n t s  w i t h  time 
and loca t ion .  P o t e n t i a l l y  harmful r e a c t i o n s  
between engine exhaust  products and ambient l e v e l s  
of ozone have been demonstrated ( r e f .  1) i n  
l a b o r a t o r y  t e s t s .  Hwever ,  t h e s e  r e a c t i o n s  may 
be a f f e c t e d  by t h e  r a t e s  and l e v e l s  a t  which 
t h e s e  exhaust  products a r e  i n j e c t e d  and d i spersed  
i n  t h e  atmosphere. The Department of Transporta-  
t i o n  (Dm) i s  c u r r e n t l y  conducting an i n v e s t i -  
g a t i o n  c e l l e d  t h e  Climatic  Impact Assessment 
Program (CUP) which has as i t s  goa l  t h e  predic-  
t i o n  of t h e  p o t e n t i a l  e f f e c t  t h a t  l a r g e  f l e e t s  of 
a i r c r a f t  o p e r a t i n g  a t  high a l t i t u d e s  w i l l  have on 
t h e  ambient atmosphere. Some of t h e  more perdnen t  
information being explored i n  t h i s  program is 
given i n  r e f e r e n c e s  2 and 3. This program repre -  
s e n t s  comprehensive look a t  a l l  a spec t s  of t h e  
p o t e n t i a l  atmospheric impact, but  i t  r e l i e s  on a  
l i m i t e d  amount of  d a t a  taken i n  t h e  atmosphere and 
is l imi ted  because of a  r igorous  time schedule  
t e rmina t ing  i n  1974. These l i m i t a t i o n s  w i l l  
c e r t a i n l y  be f a c t o r s  i n  t h e  f i n a l  assessment 
a r r i v e d  a t  i n  t h i s  program, 
The d a t a  which a r e  c u r r e n t l y  being used f o r  
t h e  development of atmospheric models t h a t  a r e  
and w i l l  be used t o  assess  a i r c r a f t  impact, such 
as i n  CLAP, a r e  mainly obtained wi th  ba l loons ,  
rocke t  sondes,and research  a i r c r a f t .  These d a t a  
have provided a  s i g n i f i c a n t  bank of  in format ion  
regarding a 1  t i t u d e  p r o f i l e s  of atmospheric con- 
s t i t u e n t s  ( r e f s .  4 and 5) but a r e  l i m i t e d  t o  l o c a l  
a reas  of  the  e a r t h ' s  atmosphere. The use of  s a t -  
e l l i t e s  wi th  remote sensors  t o  observe the  e a r t h ' s  
s t r a t o s p h e r i c  c o n s t i t u e n t s  on a c i r c u m f e r e n t i a l  
b a s i s  i s  showing cons iderab le  promise a l s o  and 
should provide cons iderab le  d a t a  i n  the  f u t u r e .  
A t  t h i s  time, however, i t  i s  apparent  t h a t  t h e  
a i r p l a n e  equipped w i t h  dedicated ins t ruments  
provides a  unique c a p a b i l i t y  t o  o b t a i n  d a t a  over  
a widely d i spersed  a r e a  of t h e  globe and t o  o b t a i n  
a l t i t u d e  p r o f i l e  d a t a  t o  approximately 20 kilome- 
t e r s .  Because of t h i s  c a p a b i l i t y ,  NASA i s  cur6  
r e n t l y  implementing s e v e r a l  h i g h - a l t i t u d e  a i r -  
q u a l i t y  measurement programs. These programs a r e  
aimed a t  providing both l o c a l  and widely d i spersed  
d a t a  over  a long period of time. These d a t a  w i l l  
f u r n i s h  a d a t a  bank t h a t  w i l l  be made a v a i l a b l e  t o  
both atmospheric s c i e n t i s t s  and aerospace e n g i n e e r s  
It i s  our hope t h a t  t h e s e  d a t a  w i l l  supply t h e  
necessary i n p u t s  t o  determine more a c c u r a t e  atmos- 
pheric  models, t o  provide an a d d i t i o n a l  i n p u t  f o r  
determining the  p o t e n t i a l  impact o f  a i r c r a f t  on 
our environment, and t o  determine which a i r c r a f t  
engine exhaust  products  a r e  most d e t r i m e n t a l  t o  
t h e  ambient environment. Reduction of t h e s e  
d e t r i m e n t a l  exhaust c o n s t i t u e n t s  w i l l  be t h e  major 
t h r u s t  of a i r c r a f t  engine p o l l u t i o n  reduc t ion  r e -  
search.  
This paper d e s c r i b e s  t h e  programs t h a t  a r e  
being implemented, d i s c u s s e s  t h e  main reasons f o r  
u t i l i z i n g  a i r c r a f t  as instrument  c a r r i e r s ,  p resen t s  
some prel iminary r e s u l t s  of me= urements made w i t h  
a "breadboard" measurement system, d i s c u s s e s  t h e  
c u r r e n t  l i m i t a t i o n s  of ded ica ted  ins t ruments  f o r  
making t h e  i n  s i t u  measurements, and d e s c r i b e s  an 
autoaated system t h a t  is  planned f o r  a p p l i c a t i o n  
aboard commercial Boeing 747 a i r c r a f t  f o r  a g l o b a l  
sampling e f f o r t .  
A i r c r a f t  as P o l l u t i o n  Source and Monitor 
P o l l u t i o n  Source 
The exhaust  c o n s t i t u e n t s  which a r e  discharged 
by an a i r c r a E t  engine i n t o  t h e  atmosphere a r e  
composed of i n e r t  subs tances  and unreacted oxygen 
from the a i r ,  products o f  combustion, oxides  of  
n i t r o g e n  produced by h e a t i n g  the a i r ,  and elements 
o r  campounds der ived from s u l f u r  and t r a c e  meta l s  
present  i n  hydrocarbon f u e l .  An example of  t h e  
type and concen t ra t ion  of  these  c o n s t i t u e n t s  f o r  
a  p a r t i c u l a r  engine o p e r a t i n g  c o n d i t i o n  i s  i l l u s -  
t r a t e d  i n  t a b l e  1. The source  t h a t  produces t h e  
i n d i v i d u a l  c o n s t i t u e n t s  is  a l s o  i n d i c a t e d .  It i s  
important  t o  no te  t h a t  t h e  p a r t i c u l a r  l e v e l s  of 
t h e  c o n s t i t u e n t s  shown r e f l e c t  c u r r e n t  a i r c r a f t  
engine technology and are not  r e p r e s e n t a t i v e  of  
advanced combustion d e s i g n  technology t h a t  w i l l  
reduce those  products a f f e c t e d  by t h e  canbust ion 
process. 
Of primary i n t e r e s t  are those  products asso-  
c i a t e d  w i t h  incomplete combustion such a s  carbon 
monoxide (CO),  t o t a l  hydrocarbons (THC), hydrogen 
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(NOx) , 
metals  
p a r t i c u l a t e s  (s l~lokc)~ oxides of n i t r o g e n  
s u l f u r  conipounds (SO2 and SO3), and t r a c e  
. Many of t l ~ e s c  products a r e  of considerable  
concern because of potenc,ial i n t e r a c t i o n s  wi th  the  
ambient environment t h a t  can produce a  de t r imenta l  
e f f e c t  on both low- and h i g h - a l t i t u d e  a i r  q u a l i t y .  
A con t inua l  bui ldup of  t h e s e  c o n s t i t u e n t s  over a 
period of time i n  e i t h e r  t h e  troposphere o r  t h e  
s t r a t o s p h e r e  could lead  t o  p o t e n t i a l  de t r imenta l  
e f f e c t s .  Hence, tiley a r e  of considerable  i n t e r e s t  
from an air-qual i ty-monitor ing viewpoint. The d i s -  
charge of water vapor (t120), carbon dioxide (C02) 
and p a r t i c u l a t e s  i n t o  the anibien t environment may 
liave an impact on the  c l imate  and the  weather over 
a  long period of  time. ilence, they too a r e  of 
considerable  i n t e r e s t  f o r  monitoring purposes. 
Perhaps the  most c o n t r o v e r s i a l  p o t e n t i a l  
e f f e c t  of a i r c r a f t  operation i n  the  upper atmos- 
phere i s  r e l a t e d  t o  t h e  p o t e n t i a l  i n t e r a c t i o n s  
between NO and ozone ( 0  ) which could r e s u l t  i n  3 d e p l e t i o n  8 f  t h e  n a t u r a l  O3 l e v e l .  It is  t h e r e f o r e  
imperat ive t h a t  O3 a l s o  be monitored. 
l 'o l lut ion Monitor 
Tlle reason t h a t  tile commercial a i r l i n e r  i s  
a t t r a c t i v e  as  a  f l i g h t  v d i i c l e  t o  monitor d e t r i -  
mental  c o n s t i t u e n t s  of a i r c r a f t  exhaust  is  
i l l u s t r a t e d  i n  f i g u r e  1. This map r e l a t e d  some 
of  t h e  present  colnmercial a i r l i n e  rou tes  t o  the  
e a r t h ' s  sur face .  A s  i s  e a s i l y  observable,  a  
cons iderab le  por t ion  of the e a r t h ' s  atmosphere is  
t raversed  by commercial a i r l i n e r s .  I n  most cases  
these  r o u t e s  a r e  used d a i l y ,  a s  a  minimum. 'The 
North A t l a n t i c  rou te  and some of the  t ranscont in -  
e n t a l  rou tes  have extremely heavy t r a f f i c  on a  
less- than-hourly bas i s .  This  type of r o u t e  
s t r u c t u r e  provides a  wide var iance  i n  l o c a l e ,  a s  
w e l l  as  coverage of  both upper t roposphere and 
lower s t r a t o s p h e r e ,  t o  provide a  reasonably 
comprehensive survey of the  globe. This was one 
of  the  f e a t u r e s  which made commercial a i r l i n e  
a i r c r a f t  a t t r a c t i v e  t o  NASA a s  a  t e s t  v e h i c l e  
f o r  a i r - q u a l i t y  monitoring. Furthermore, these 
a i r c r a f t  would monEtor the a i r  q u a l i t y  i n  t h e  f l i g h t  
c o r r i d o r s  where t h e  major i ty  of t h e  engine exhaust 
products a r e  discharged and where p o t e n t i a l  
de t r imenta l  e f f e c t s  could be the  g r e a t e s t .  
I n  a d d i t i o n  t o  t h e  commercial a i r l i n e  a i r -  
c r a f t ,  o t h e r  a i r c r a f t  can a l s o  be used on a  more 
l o c a l  b a s i s  t o  ob ta in  d a t a  f o r  t h e  "off-route"  areas 
and t o  provide d a t a  a t  t h e  a l t i t u d e s  a t  which t h e  
cumnlercial a i r l i n e s  do not  f l y .  This information 
is  of i n t e r e s t  t o  determine t h e  c o n t r i b u t i o n  of 
n a t u r a l  e f f e c t s ,  such as  thunderstorms, as  w e l l  as  
t h e  manmade c o n t r i b u t i o n  t o  t h e  ambient environment. 
Current NASA A i r c r a f t  Programs 
The b a s i c  a i r c r a f t  programs being implemented 
by NASA which involve atmospheric s m p l i n g  use 
a i r c r a f t  i n  c u r r e n t  se rv ice .  These programs pro- 
v i d e  a  wide v a r i e t y  of  c a p a b i l i t i e s  i n  terms of  
t h e i r  goals  and a r e  unique i n  t h e i r  o b j e c t i v e s .  
However, the  d a t a  gathered w i l l  be i n t e r r e l a t e d  
f o r  o v e r a l l  ana lys i s .  
Global  Atmospheric Sampling Program 
The Global Atmospheric Sampling Program 
(GASP) has a s  i t s  ob jec t ives  (1) t h e  determinat ion 
and documentation of worldwide concent ra t ions  of 
atmospheric c o n s t i t u e n t s  assoc ia ted  w i t h  gaseous 
and p a r t i c u l a t e  p o l l u t a n t s  i n  the  t roposphere 
and t h e  lower s t r a t o s p h e r e  (up t o  1 2  km) over a  
period of s e v e r a l  years  and (2) t h e  de te rmina t ion  
of t h e  c o n t r i b u t i o n  of j e t  a i r c r a f t  t o  poss ib le  
atmospheric contaminarion dur ing  t h i s  time period. 
I n  o rder  t o  accomplish these  o b j e c t i v e s ,  a  program 
study was performed t o  determine t h e  most v i a b l e  
method of approach. Thts  s tudy led t o  t h e  
s e l e c t i o n  of a  plan t o  u t i l i z e  commercial j e t  a i r -  
l i n e r s  because of  t h e i r  g loba l  r o u t e  s t r u c t u r e  
( f i g .  1) and because of t h e i r  frequency of  t r a v e l ,  
both of which would allow t h e  accumulation of 
a  l a r g e  amount of widely d i spersed  da ta .  A 
t imetable  t o  implement and conduct the  program 
was s e l e c t e d ,  and a  d a t a  a c q u i s i t i o n  period of  
from 3 t o  5 years  was chosen. A cons iderab le  
amount of preparatory work i n  instrument  s e l e c t i o n ,  
system des ign ,  preliminary f l i g h t  t e s t s ,  and over- 
a l l  program f e a s i b i l . i t y  based on using i n - s e r v i c e  
commercial a i r p l a n e s  was necessary p r i o r  t o  t h e  
i n i t i a t i o n  of  t h i s  program. The r e s u l t s  of  
these  e f f o r t s  a r e  discussed i n  d e t a i l  i n  sub- 
sequent s e c t i o n s  of t h i s  paper. The program i s  
being managed by t h e  NASA Lewis Research Center.  
S t r a t o s p h e r i c  Ai r  Sampling Program 
The Seratospi ler ic  A i r  Sampling Program (SASP) 
has as  i t s  o b j e c t i v e s  (1)  t h e  de te rmina t ion  of  
t h e  background l e v e l s  of v a r i o u s  minor atmos- 
pheric  c o n s t i t u e n t s  i n  t h e  12- t o  20-kilometer 
a l t i t u d e  region,  (2) the  de te rmina t ion  of  the  
con t r ibu t ion  of both n a t u r a l  end manmade perturba-  
t i o n s  t o  s t r a t o s p h e r i c  a i r  q u a l i t y  on a  son~ewhat 
l o c a l  bas i s ,  and ( 3 )  provision of  d a t a  f o r  s t r a t -  
ospheric  mixing models t o  v a l i d a t e  and/or  r e v i s e  
a n a l y t i c a l  techniques. This  program is  being 
managed out  of  t h e  NASA h s  Research Center  and 
u t i l i z e s  U 2  a i r c r a f t  a s  t h e  measurement system 
c a r r i e r .  This  a i r c r a f t  is  shown i n  f i g u r e  2. 
The type of ins t rumenta t ion  t o  be used i n  t h i s  
program is s i m i l a r  t o  t h a t  being considered f o r  
the  GASP program, w i t h  t h e  excep t ion  t h a t  t h e  
equipment need no t  be a s  c r i t i c a l l y  designed f o r  
automated and long-tern1 opera t ion .  However, t h e  
concent ra t ions  of some of t h e  d e t r i m e n t a l  exhaust  
c o n s t i t u e n t s  t o  be measured may be somewhat 
d i f f e r e n t ;  and, hence, t h e  s e n s i t i v i t y  requirements 
might vary t o  some ex ten t .  A d e t a i l e d  d e s c r i p t i o n  
of t h i s  program and t h e  measuring system is  given 
i n  re fe rence  2. No f u r t h e r  information on t h i s  
program i s  given i n  t h i s  paper. 
S t r a t o s p h e r i c  J e t  Wake Experiment 
The S t r a t o s p h e r i c  J e t  Wake Experiment (SJWE), 
which is  i n  i t s  e a r l y  s t a g e s ,  i s  aimed a t  
measuring t h e  d i s p e r s i o n  and d i s s i p a t i o n  of pol- 
l u t a n t s  i n  t h e  j e t  wake of  an a i r c r a f t .  This  
program is being managed by t h e  NASA Ames Research 
Center ,  w i t h  p r i n c i p a l  a s s i s t a n c e  from t h e  NASA 
F l i g h t  Research Center and a d d i t i o n a l  a s s i s t a n c e  
from t h e  Lewis and Langley Research Centers. P a r t  
of t h i s  e f f o r t  i s  concerned w i t h  determining t h e  
f e a s i b i l i t y  of using ded ica ted  instruments  f o r  
making i n - s i t u  ~lleasurements w i t h i n  a  j e t  wake over 
a  period of t i m e  i n  an, a t t empt  t o  a s s e s s  t h e  
p o l l u t a n t  d i s p e r s i o n  and p o t e n t i a l  r e a c t i o n s  t h a t  
may occur between t h e  engine exhaust  products and 
t h e  minor c o n s t i t u e n t s  i n  t h e  ambient atmosphere. 
Several  prel iminary f l i g h t s  have been conducted 
 sing t l ~ c  NASA &ucs I icscarcl~ Center CV-990 a i r -  
plane l.nstrtnnented wit11 s e v e r a l  types oE i n  s i t u  
measurement systems a s  tlle sens ing  a i r c r a f t  and 
KR-57 and F-lOrr as tile emission source a i r c r a f t .  
The  CV-990was flown i n t o  t l ~ e  wake of t h e  source 
a i r c r a f t  and various c o n s t i t u e n t s  were n~easured. 
Tlie t e s t s  were conducted i n  the t roposphere with-  
i n  t h e  n e a r  fie1.d of the source a i r c r a f t  (0.6- 
t o  10-km separa t ion) .  One of these  f l i g h t s  
a long w i t h  some preliminary nteasurements made 
w i t h i n  t h e  wake of the  source a i r c r a f t  using 
s e v e r a l  prototype instruments  f o r  the GASP system, 
is described i n  a subsequent s e c t i o n  of t h i s  
paper. 
Primary Cons t i tuen ts  and Candidate 
Measuring Techniques 
The atmospheric p o l l u t a n t s  t h a t  a r e  a par t  
of t h e  exhaust  emissions o f  j e t  engi.nes ( a s  
described previously)  a r e  and w i l l  be measured 
i n  s i t u  by instrumented a i r c r a f t .  The minor 
atmospheric c o n s t i t u e n t s  t h a t  may be modified 
by r e a c t i n g  w i t h  these  emissions w i l l  a l s o  be 
measured. A complete l i s t  of these  exhaust 
and atmospheric c o n s t i t u e n t s  could be made very 
long;  however, they must L J ~  confined t o  those 
which can be r e a d i l y  measured from an a i r c r a f t  
t e s t  platform. A t  t h e  present  t ime,  e a s i l y  
measurable c o n s t i t u e n t s  include 03, water  vapor, 
and p a r t i c l e  concentrat ions and s i z e  d i s t r i b u t i o n s  
above 0.2 micrometer i n  diameter.  The i d e n t i t y  
and t o t a l  mass o f  a i rborne  p a r t i c l e s  can a l s o  be 
obtained by f i l t e r  and Impactor techniques. 
Instruments a r e  a l s o  a v a i l a b l e  t o  measure CO, N&, 
GO , and p a r t i c l e  concentratiorls and s i z e  d i s t r i -  
bugions below 0.2 micrometer (Aitken nuc le i ) .  
tlore ca re  must be used, however, t o  make these  
measurements. 
Background Levels  and Instrument C a p a b i l i t i e s  
The approximate ranges of  gaseous and par t i cu-  
l a t e  atmospheric p o l l u t a n t s  a t  a l t i t u d e  and 
ground l e v e l  (nonurban) a r e  given i n  f i g u r e  3. 
This  Information was provided by Dr. John Mi l le r  
o i  t h e  National  Oceanic and Atmospheric Adminis - 
t r a t i o n  (NOAA) from a review of a v a i l a b l e  d a t a  
gathered by bal loons,  rocke ts ,  and a i r c r a f t  
research  f l i g h t s .  The c a p a b i l i t y  of c e r t a i n  
a v a i l a b l e  instrument measurement techniques is 
a l s o  shown i n  t h i s  f igure .  These a v a i l a b l e  
techniques inc lude  only those considered a s  
candidates  f o r  t h e  commercial a i r l i n e  i n s t a l l a -  
t i o n s  discussed l a t e r  i n  t h i s  paper. This  a p p l i -  
c a t i o n  imposes r e s t r i c t i o n s  on measurement tech- 
niques t h a t  would no t  n e c e s s a r i l y  apply t o  
l abora tory  equipment. 
The f i g u r e  s h a m  t h a t  some p o l l u t a n t  concen- 
t r a t i o n s  a r e  below t h e  range of candidate  
instruments  a v a i l a b l e  a t  t h e  time of  t h i s  s tudy.  
The atmospheric c o n s t i t u e n t  concent ra t fans  t h a t  
were measured include 03, wate r ,  and p a r t i c u l a t e s  
g r e a t e r  than 0.2 micrometer i n  diameter.  The 
instrument  chosen t o  measure 0 uses t h e  u l t r a -  
v i o l e t  absorp t ion  pr inc ip le .  h e  water  vapor 
measurement is based on aluminum oxide adsorp t ion ,  
Both instruments  can cover t h e  expected back- 
ground leve l s .  The measurement of  p a r t i c l e  con- 
c e n t r a t i o n  and s i z e  d i s t r i b u t i o n  can be obtained 
i f  t h e  p a r t i c l e  diameter is  above 0.2 micrometer. 
Methods have been demonstrated o r  proposed t o  
improve the s e n s i t i v i t y  of t h e  candida te  measuring 
techniques f o r  CO, NO , and COZe Some development 
e f f o r t  and time w i l l  ce necessary before these  
improvements can be evaluated and subsequently 
u t i l i z e d  f o r  r o u t i n e  a i r c r a f t  measuranents, 
Figure 3(a) shows t h a t  the  low range of t h e  CO 
measurwent  technique must be extended about  an 
order  of magnitude. The four  commercially a v a i l -  
ab le  chemilun~inescence instruments  t o  measure 
NO appear t o  have l imi ted  c a p a b i l i t y  t o  measure 
t h f s  c o n s t i t u e n t  a t  a l t i t u d e ,  Recent research  
instrument: developments t o  improve t h e  low range 
of  the ct~emiluminescent measurement by about  two 
orders  of magnitude app-ar promising. The 
measurement problem f o r  CO (non d i f ipers ive  i n f r a -  2 
red ,  o r  NDIK) is  unique I n  t h a t  t h e  candida te  
instrument w i l l  cover t h e  range but l acks  t h e  
r e s o l u t i o n  t o  d e t e c t  t h e  r e l a t i v e l y  small  concen- 
t r a t i o n  v a r i a t i o n s  that: must he known t o  d e t e c t  
any p o l l u t i o n  e f f e c t s .  The candidate  instruments  
f o r  measuring SO require more than an o r d e r  of 
magnitude extensfon a t  the  low end of  t h e  range 
t o  d e t e c t  t h i s  po l lu tan t .  No methods have been 
inves t iga ted  t o  improve t h e  s e n s i t i v i t y  of  these  
candidate  measuring techniques.  Instruments  
s u i t a b l e  f o r  a i r c r a f t  i n s t a l l a t i o n s  which w i l l  
measure t o t a l  hydrocarbons (THC) and ammonia 
(NH3) a t  est imated background Levels a r e  n o t  
c u r r e n t l y  ava i lab le .  
Measuring p a r t i c l e s  below 0.2 micrometer i n  
diameter (Aitken n u c l e i )  r e q u i r e s  a condensat ion 
n u c l e i  counter.  The counte rs  under c a n s i d e r a t i o n  
appear t o  cover most o f  t h e  expected range o f  
n u c l e i  concentrat ions e t  a i r l i n e r  f l i g h t  a l t i t u d e  
( f i g .  3(bJ). A b a s i c  problern i n  t h e  use of con- 
densa t ion  n u c l e i  caunte rs  a t  these  a l t i t u d e s  is 
the  low ambient pressure of  t h e  a i r  sample. The 
opera t ing  p r i n c i p l e  r e q u i r e s  expansion of t h e  a i r  
f o r  the  condensation process. The low-pressure 
a i r  must, t h e r e f o r e ,  be i n i t i a l l y  p ressur ized  t o  
about 1 atmosphere p r i o r  t o  expansion. T h i s  a l s o  
allows the b a s i c  c a l i b r a t i o n s  of  the  instrument ,  
which a r e  made a t  1 atmosphere, t o  be used. 
Care must be taken i n  p r e s s u r i z i n g  t h e  a i r  t o  
avoid changing t h e  n u c l e i  concent ra t ions .  Com- 
pression by pumping tends t o  d r i v e  t h e  n u c l e i  
together .  A procedure being evaluated i s  t o  
p ressur ize  t h e  a i r  sample i n  a chamber by charging 
it wi th  t h e  pressurized a i r c r a f t  cab in  a i r  which 
has been passed through a f i l t e r  t o  remove a l l  
n u c l e i  and then in t roduc ing  t h e  sample i n t o  t h e  
counter.  The n u c l e i  concent ra t ions  a r e  no t  
expected t o  be a l t e r e d  I-iy t h i s  technique,  which 
w i l l  be f l i g h t  t e s t e d  a s  p a r t  of  the  o v e r a l l  
program. 
Experimental P l i g h t  Tes t  Eva lua t ions  
Experimental System 
A s  p a r t  of  t h e  implementation of  t h e  Global 
Atmospheric Sampling and S t r a t o s p h e r i c  A i r  Sampling 
Programs, s e l e c t e d  instruments  have been f l i g h t  
t e s t e d  on t h e  NASA CV-980 a i r c r a f t .  This  a i r c r a f t ,  
w i t h  i t s  f e l r i b F l i t y  f o r  i n s t a l l a t i o n  of laboratory- 
type equipment and i ts d a t a  acqul .s i t ion systems 
( r e f .  2) ,  provided a n  i d e a l  f a c i l i t y  f o r  atmos- 
pheric  s t u d i e s  and eva lua t ions  of  atmospheric 
measurement instruments. F igure  4 shows t h e  
l o c a t i o n  of  s e v e r a l  e x t e r n a l  probes on t h e  CV-990 
f o r  acqui r ing  o u t s i d e  a i r  samples, The many 
trrcasuring systems t h a t  were used concurrent ly on 
Lligl~Ls rcquired sever  a1 probes of s l i g h t l y  
d i i f e r c n t  conii&:urations. Tllese a r e  shown i n  the  
forward par t  of the  a i r c r a f t  ( f i s n r e  4 ) .  
An a i r  sarnple flow sys tern f r m  the exLernal 
probes i n t o  t l ~ e  lnstruments  being evaluated i s  
sllown i n  f i g u r e  5. Some rrreasurements, such a s  
03,  used the o u t s i d e  aj.r satnple pressurized t o  1 
atxnospltere by a  diaphrabm-type pimp. Pressure- 
r e g u l a t i n g  valves held the  pressure a t  1 atmos- 
p l~ere  w i t h  i n l e t  pressures  ( inc lud ing  t h e  dynamic 
pressure)  varying from 0.68 t o  0,25 atmosphere 
(6  t o  12 km). Other instruments ,  such a s  t h e  
p a r t i c l e  counte r ,  need an a i r  sample a s  undis- 
turbed a s  possible .  In  order  t o  accanplish t h i s ,  
a i r  is ducted as  d i r e c t l y  a s  poss ib le  ( l a rge-  
rad ius  bends) i n t o  t h e  sensor  un i t .  Separate  
tub ing  m a t e r i a l s  a r e  necessary f o r  these a i r  
sample l i n e s .  Teflon s u r f a c e s  a r e  required t o  
minimize t h e  d e s t r u c t i o n  of  03. However, par- 
t i c l e s  w i l l  c l i n g  t o  Teflon and, there fore ,  s t a i n -  
l e s s  s t e e l  must be used i n  such systems as  the 
p a r t i c l e  counter.  
Instruments F l i g h t  Tested 
Table 2 l i s ts  many of t h e  instrunlent opera t ing  
p r i n c i p l e s  t h a t  were evaluated during recen t  
CV-990 f l i g h t  t e s t s  t o  measure s e v e r a l  minor 
atmospheric c o n s t i t u e n t s .  
Four methods f o r  measuring O3 operated 
s a t i s f a c t o r i l y .  Chemiluminescence using e thy lene  
gave f a s t  response times but presents  a  p o t e n t i a l  
f i r e  hazard from the  ethylene.  n t x a v i o l e t  
absorp t ion  (zero re fe rence  sys ten) displayed a  
20-second s t e p  time delay. A second d e r i v a t i v e  
spectroscopy u n i t  was used t o  scan f i v e  c o n s t i t -  
uents ,  r e s u l t i n g  i n  16-minute i n t e r v a l s  between 
the  measurements of a  given cons t i tuen t .  The 
specif ic-wavelength scan  period t o  observe a  
p a r t i c u l a r  c o n s t i t u e n t  repea ted ly  took 5 minutes. 
The e lec t rochemica l  technique showed a response 
t h e  of  about 30 seconds. 
'IttJo methods f o r  measuring CO displayed l imi ted  
c a p a b i l i t y .  The f luorescen t  nondispersive i n f r a -  
red (NDIR) technique lacked s e n s i t i v i t y  t o  
d e t e c t  concent ra t ions  i n  nonurban a reas  and above 
ground l e v e l ,  a s  d i d  t h e  chemical-opt ical  t e c h n i q e  
(ho t  mercuric oxide). R laboratory-modified ver -  
s i o n  of  t h i s  technique demonstrated s u f f i c i e n t  
s e n s i t i v i t y  f o r  d e t e c t i o n  of l o w  concentrat ions 
but  presented some c a l i b r a t i o n  problems and 
d i f  f i c u l t i e s  i n  f l i g h t .  
The NDIR technique f o r  tneasuring CO 
presented a  r e s o l u t i o n  problem (as  note? e a r l i e r ) .  
Also, s e n s i t i v i t y  to v i b r a t i o n  and a i r c r a f t  
maneuvers, a s  w e l l  a s  ze ro  and span d r i f t ,  became 
apparent during f l i g h t .  
Tes t s  of t h e  aluminum oxide adsorp t ion  hygro- 
meter a r e  discussed by Edward H i l s e n r a t h  i n  
another paper presented a t  t h i s  meeting. 
Other instrument  opera t ing  p r i n c i p l e s  were 
examined t o  a  very l imi ted  ex ten t .  I n i t i a l  
d i f f i c u l t i e s  were encountered and not  resolved 
because of t h e  l i m i t e d  time a l l o c a t e d  t o  t h e  
f l i g h t  periods. %re  t e s t i n g  time i s  needed t o  
o b t a i n  b e t t e r  eva lua t ions .  I n  genera l ,  i t  can be 
s t a t e d  t h a t  improvements, and i n  some cases,  
development of  many of t h e  instruments  a r e  
requ i red  t o  d e t e c t  t h e  low-level concent ra t ions  
of t h e  var ious  c o n s t i t u e n t s  i n  t h e  upper atmos- 
phere and t o  perform under the pressure and 
v i b r a t i o n  condi t ions  encountered dur ing  opera t ion  
i n  a i r c r a f t .  
Preliminary Resu l t s  
Comparison of t h e  two O3 measuretnent p r i n c i p l e s  
and t h e  effect: of  cab in  p r e s s u r i e a t i o n  and a i r  
sample p r e s s u r i z a t i o n  on 0 l e v e l s  were obtained 
on s e v e r a l  of t h e  CV-990 f ? i g h t  t e s t s .  These 
d a t a  a r e  shown i n  f i g u r e  6. Both t h e  u l t r a -  
v i o l e t  absorp t ion  and t h e  e lec t rochemica l  
(KL) measurement techniques show good agreement 
when t h e  a i r  sample i s  pressur ized  t o  1 atmos- 
phere by a diaphragm pump. The e r r o r  due t o  l o s s  
of O3 i n  t h i s  system proved t o  be small .  
Laboratory t e s t s  showed O3 Posses through t h e  
complete plumbing system, inc lud ing  t h e  pump 
and t h e  Teflon l i n e s ,  of l e s s  than 20 percent  
f o r  s t a y  times i n  t h e  system of about 20 seconds, 
F l i g h t  t e s t s  a l s o  showed smal l  l o s s e s  of  03, i n  
the  pressurized system. Figure 7 compares d a t a  
po in t s  f o r  a n  instrument  connected d i r e c t l y  t o  
t h e  low-pressure o u t s i d e  a i r  t o  those from an 
instrument  connected t o  t h e  p r e s s u r i z i n g  system. 
Good agreement is  s h w n  between t h e  pressur ized  
and unpressurized systems. The o u t s i d e  sens ing  
instrument  requ i red  encasement i n  a  c o n t a i n e r  
vented t o  o u t s i d e  pressure.  
During one f l i g h t ,  t h e  e lec t rochemica l  
instrument  was detached from t h e  o u t s i d e  a i r  
l i n e  and s e t  up t o  measure the  03 l e v e l  i n  the  
pressurized cab in  o f  tk CV-990. With o u t s i d e  
O3 l e v e l s  around 50 t o  80 p a r t s  per b i l l i o n ,  
t h e  amount of O3 i n  t h e  cab in  was about  50 t o  60 
percent  l e s s ,  as  shown i n  f i g u r e  6. The i n l e t  t o  
the  instrument  t h a t  was measuring c a b i n  0 was 3 
about 8 f e e t  from t h e  cab in  a i r  i n l e t  d w t .  
, Global Atmospheric S a m p l i n ~  Propram 
The GASP program i s  presen t ly  i n  t h e  
implementation phase f o r  i n s t a l l i n g  t h e  f i r s t  
system on an a i r l i n e  a i r c r a f t .  The i n i t i a l  
phase was a  f e a s i b i l i t y  s tudy conducted by 
a i r l i n e s  (American, United, and Trans World) and 
the  Boeing Company. The concept was found t o  be 
both t e z h n i c a l l y  f e a s i b l e  and accep tab le  t o  t h e  
a i r l i n e s .  The s tudy r e s u l t e d  i n  t h e  s e l e c t i o n  
of t h e  Boeing 747 a i r l i n e r  t o  c a r r y  t h e  equipment. 
This  s e l e c t i o n  was based on (1) t h e  a v a i l a b l e  
nonrevenue space on a i r c r a f t ,  (2)  t h e  p rov is ion  
of  g loba l  coverage, and (3) t h e  a v a i l a b i l i t y  of 
an i n e r t i a l  nav iga t ion  system (INS) and an a i r  
d a t a  system (ADS) t o  p inpoin t  time and l o c a t i o n  
of t h e  a i r  c o n s t i t u e n t  measurments .  
The l o c a r i o n  of the  a i r  i n l e t  probe and meas- 
u r ing  equipment on the  Boeing 747 is i l l u s t r a t e d  
i n  f i g u r e  8. The probe is  mounted w e l l  forward 
on t h e  under par t  of the  fuse lage  t o  c o l l e c t  an 
undisturbed a i r  sample and t o  be f r e e  o f  ground- 
handling i n t e r f e r e n c e .  The sample is ducted 
back about 15 f e e t  t o  t h e  l o c a t i o n  of the  meas- 
u r ing  system, which is  mounted on s p e c i a l  racks on 
t h e  l e f t  s i d e  of t h e  a i r c r a f t  forward of the 
e x i s t i n g  av ion ics  rack. 
Descr ip t ion  of System 
Tlle CASP s y s t e n ~  can be bes t  described by 
d i v i d i n g  i t  i n t o  lour e lenenta l  o r  func t iona l  
ca tegor ies :  (1) t l ~ e  i n l e t  probe w i t h  a  s e a l i n g  
cap f o r  c l o s i n g  o f i  t l ~ c  a i r f low below sampling 
a l t i t u d e :  (2) tllc a i r  sample duc t ing  and 
p r e s s u r i z a t i o n  o ld  flow c o n t r o l  u n i t s ;  ( 3 )  t h e  
a i r  cons t i t t rcn t  trtcnsuring in:;trunlcnts ; and (4) 
the  d a t a  a c q u i s i t L o ~ ~ ,  managetneut, and c o n t r o l  
un i t s .  The Cirsr t l ~ r e e  elements a r e  e s s e n t i a l l y  
the complete a i r  samplc flow system. This is  
sltown sctrematically i n  f igure  9 ,  A i r  from t h e  
c o n t r o l l e d  i n l e t  probe w i l l  be ducted through a 
C i l t e r  u n i t  f o r  p a r t i c l e  i d e n t i f i c a t i o n  (Eor 
l a t e r  l abora tory  ana lys i s ) .  A separa te  tube 
from t h e  same i n l e t  s u p p l i e s  a  sample t o  the  
s m a l l - p a r t i c l e  and n u c l e i  counters. Flow f o r  t h e  
gas analyzer  instruments  goes through another 
tube t o  a p~unp and a  pressure regu la t ion  system 
and i n t o  t h e  instrument  in take  manifold. A 
bypass of t h e  p r e s s u r i z a t i o n  system is included 
f o r  those  measuring devices which do no t  rqqui re  
a  p ressur ized  a i r  sample. The measuring devices 
a r e  connected between i n l e t  and o u t l e t  manifolds 
which a r e  held a t  a  constant  d i f f e r e n t i a l  
pressure by pressure regu la tors .  The exhaust 
from t h e  o u t l e t  manifold is discharged t o  t h e  
o u t s i d e  through a ven t  i n  t h e  nose gear  wheel 
wel l  of t h e  Boeing 747 a i r c r a f t .  
A c a l i b r a t i o n  cyc le  w i l l  be necessary during 
f l i g h t  f o r  some instruments. A number of  
solenoid va lves  a r e  used t o  shu t  o f f  t h e  o u t s i d e  
a i r f low,  t o  provide a  supply of zero gas, and t o  
supply a  c a l i b r a t i o n  gas f o r  checking the  span 
of  each instrument. 
The f o u r t h  element i n  t h e  GASP systam i s  t h e  
d a t a  a c q u i s i t i o n  and c o n t r o l  system, a s  shown 
i n  f i g u r e  10. Under t h e  c o n s t r a i n t s  which 
r e q u i r e  t h e  complete system t o  opera te  automat- 
i c a l l y  w i t h  no a t t e n t i o n  by the  a i r l i n e  f l i g h t  
crew o t h e r  than  emergency procedures, t h e  c o n t r o l  
inputs  f o r  t h e  e n t i r e  f l i g h t  must h e  automat- 
i c a l l y  programmed. Control  s i g n a l s  t o  t h e  
system w i l l  be generated a s  func t ions  of  time, 
pressure a l t i t u d e ,  and i n t e r f a c e s  wi th  o t h e r  
a i r c r a f t  systems by Data Management and Control  
Unit. This  u n i t  con ta ins  t h e  necessary l o g i c  
( t iming and sequencing) t o  perform a l l  d a t a  
management and c o n t r o l  funct ions i o r  t h e  e n t i r e  
a i r  sample system. A l l  d a t a  from the  a i r  con- 
s t i t u e n t  measuring instruments ,  r e l a t e d  d a t a  on 
system operat ion,  and d a t a  from t h e  a i r c r a f t  
systems a r e  channeled through t h e  F l i g h t  Data 
Acquis i t ion  Unit. This  u n i t  i s  a  s tandard ARINC 
573 f l i g h t  record ing  u n i t  f a m i l i a r  t o  many a i r -  
l i n e  opera tors .  The output  of t h i s  u n i t  i s  
properly conditioned f o r  recording on a  s tandard 
s e r i a l  d i g i t a l  f l i g h t  recorder  using magnetic 
tape. 
Cons t ra in t s  on System 
The a i r l i n e  f e a s i b i l i t y  s tudy defined some 
ground r u l e s  t h a t  should be imposed on the  
instrumentat ion system. The reasoning was t h a t  
t h e  systems would be i n s t a l l e d  on scheduled 
commercial a i r c r a f t  being operated f o r  revenue 
and, there fore ,  should not i n t e r f e r e  w i t h  the  
nornal  a i r l i n e  operat ions.  The s p e c i f i c  con- 
s t r a i n t s  a r e  a s  follows: 
(1) N o  revenue space would be taken  from e i t h e r  
t h e  passenger compartment o r  t h e  cargo hold.  
(2)  No a i r  crew d u t i e s  would be imposed beyond 
opera t ion  of an on/off  switch. 
(3) Limited s e r v i c i n g  and maintenance would be 
performed on an nonin te r fe rence  b a s i s .  
(4) FAA Supplemental-Type C e r t i f i c a t i o n  w i l l  be 
required.  
The f i n a l i z e d  des ign  and implementation of t h e  
f i n a l  system w i l l  n e c e s s a r i l y  r e q u i r e  t h a t  these  
c o n s t r a i n t s  be adhered to .  
A i r c r a f t  J e t  Wake Measurements 
As par t  of  a s tudy  being conducted t o  a s s e s s  
t h e  problems and f e a s i b i l i t y  o f  l o c a t i n g  and 
sampling engine exhaust  products i n  an a i r c r a f t  
wake, a  rendezvous f l i g h t  between t h e  Ames 
Research Center 's CV-990 and t h e  F l i g h t  Research 
c e n t e r ' s  F-104 was conducted over  t h e  c o a s t  of  
southern Cal i fo rn ia .  The f l i g h t  experiment was 
conducted a t  an a l t i t u d e  of  approximately 11 
kilometers  and a  f l i g h t  speed o f  approximately 
Mach 0.8. The main purposes of t h i s  experiment 
were t o  determine t h e  a b i l i t y  of t h e  s e n s i n g  
a i r c r a f t  (CV-990) t o  f i n d  and remain i n  t h e  F-104 
wake and t o  determine t h e  a b i l i t y  of  t h e  onboard 
measurement systems t o  d e t e c t  c o n c e n t r a t i o n  
l e v e l s  of c e r t a i n  c o n s t i t u e n t s  i n  t h e  exhaus t  
plume. 
The F-104 as it rendezvoused w i t h  t h e  CV-990 
is shown i n  f i g u r e  11. A f t e r  i n i t i a l  c o n t a c t  
was made, the  F-104 a c c e l e r a t e d  away from t h e  
sens ing  a i r c r a f t  and generated t h e  exhaust  plume 
t h a t  was t o  be monitored. Because of  favorab le  
atmospheric condit ions a  c l e a r l y  v i s i b l e  c o n t r a i l  
was produced by the  source a i r c r a f t .  The c o n t r a i l  
fonned dur ing  the a c t u a l  f l i g h t  is  shown i n  
f i g u r e  12. This v i s i b l e  c o n t r a i l  was used t o  
l o c a t e  and p o s i t i o n  t h e  sens ing  a i r c r a f t  i n  t h e  
wake. The a i r c r a f t  s e p a r a t i o n  d i s t a n c e  a s  
measured by radar  was var ied  from a p p r o x h a t e l y  
0.6 t o  1 0  ki lometers .  Due t o  the tu rbu lence  i n  
t h e  wake, the  sens ing  a i r c r a f t  was i d t e r m i t t e n t l y  
pitched i n  and o u t  of  t h e  wake. Hence, t h e  gas 
samples being sensed by t h e  onboard instruments  
were cons tan t ly  varying. 
The v a r i a t i o n  of  some o f  t h e  exhaust  con- 
s t i t u e n t s  as a  func t ion  of  time, a i r c r a f t  separa-  
t i o n ,  and engine o p e r a t i o n  w i t h  a f t e r b u r n i n g  a t e  
shown i n  f i g u r e  13. The p r i n c i p a l  gaseous 
c o n s t i t u e n t s  measured were CO, NO,, and 03. The 
NO was measured w i t h  a  chemiluminescence monitor 
X 
with  a s e n s i t i v i t y  of 1 0  p a r t s  per b i l l i o n  
volume, t h e  CO with a  f l u o r e s c e n t  NDIR monitor 
w i t h  a  s e n s i t i v i t y  of  200 p a r t s  per b i l l i o n  
volume, and t h e  O3 w i t h  an u l t r a v i o l e t  absorp t ion  
monitor wi th  a  s e n s i t i v i t y  of 3 p a r t s  per b i l l i o n  
volume. The decreases i n  bo th  CO and NO l e v e l s  
a s  a i r c r a f t  s e p a r a t i o n  d i s t a n c e  is increased  shows 
t h e  r e l a t i v e  mixing and d i s p e r s i o n  of  t h e  eng ineex-  
haust  products with d i s t a n c e  (time). Also t h e  high 
values of CO observed dur ing  t h e  encounter  i l l u s -  
t r a t e  the i n e f f i c i e n c y  of  combustion t- pica1  of jet 
engine a f te rburners .  No d i s c e r n i b l e  cKanges i n  O3 
l e v e l s  could be a t t r i b u t e d  t o  a i r c r a f t  s e p a r a t i o n  
d i s t a n c e  o r  t o  measurements taken w i t h i n  o r  ou t  o f  
t h e  wake. (The s e p a r a t i o n  d i s t a n c e s  can be 
C:lJllVCl:~ eel into I;inr.:s, Lrc rr i  po l lu tan t  i n j e c t i o n  t o  
Inenuurc~ileIlt, varyirq; froit, approximately 0.2 t o  
1.0 ..iccond,) Iience, no r e a c t i o n  between t h e  NO 
i n  tlic ekhaust  and t11e ambient 0 would be 
expected, nor was any observed. 3 ~ h i s  type of  
preliciiirtary d a t a  can  be used a s  an input  i n t o  
n e a r - f i e l d  j e t  wake mixing models such as t h e  one 
described i n  r e f e r e n c e  6. 
Concluding Remarks 
Programs t o  measure cerf:ain tuinor atn~vspt ler ic  
c o n s t i t r ~ e n t s  i ~ i  s i t u  Ly using a i r c r a f t  a s  c a r r i e r s  
of  1ledica1:rd i i~s; t rume~lts  a r e  cur ren t ly  being 
implcmcntcd hy NASA. Tltese programs provide a 
means of  ol>taining a tn~vspher ic  d a t a  over a wide 
vnriance of  a l t i t u d e s  and l o c a l i t i e s  and a r e  aimed 
a t  o b t a i n i ~ ~ g  information regarding the  e f f e c t s  of 
l)oth n a t u r a l  and manmade ( a i r c r a f t  exhaust 
p o l l u t a n t s )  per tu rba t ions  on the  arrlbient environ- 
ment. These d a t a  w i l l  be obtained over a  period 
of years  and slroc~ld provide atmospheric s c i e n t i s t s  
w i t 1 1  va luab le  d a t a  regard ing  t h e  s t a t u s  of  t h e  
ambient cllvi.ro~unent' of  both t h e  upper troposphere 
and tlle s t r a t o s p h e r e  (6- t o  20-km a l t i t u d e s ) .  
Continuous g loba l  inonitoring of the  6- t o  13-h i  
a l t i t u d e  regime w i l l  be provided by commercial 
sct~eduled a i r l i n e r s .  
L imi ta t ions  i n  s e n s i t i v i t y  of present ly 
a v a i l a b l e  dedicated instruments  w i l l  have an 
impact on t h e  type and q u a l i t y  of i n i t i a l l y  
obtained data .  Accurate lneasurements of  0 3' 
water  vapor, and t h e  s i z e ,  d i s t r i b u t i o n ,  and 
composition of p a r t i c u l a t e s  a r e  poss ib le  w i t h  
minor modi f ica t ions  t o  e x i s t i n g  instruments. 
Labora tory-~ype  instruments  a r e  capable of 
measuring NOx, CO, C02, and THC: but these  
ins t r tm~ents  a r e  n o t  s u f f i c  i e n t l y  developed f o r  
use on commercial a i r l i n e r s  a t  t h e  present  time 
Improvements i n  instrument: s e n s i t i v i t y  and 
opera t ing  p r i n c i p l e s  t o  provide acceptable  
al~tomated a i r c r a f t  instruments  is  poss ib le  and 
sllorlld be developed i n  t h e  near fu ture .  When 
these  instruments  a r e  made ava i lab le ,  they w i l l  
be fac tored  i n t o  the  a i r c r a f t  programs c u r r e n t l y  
being implemented. 
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Figure 1. - Global atmosphere sampling proposed routes. 
Figure 2. - U2 aircraft used for stratospheric air quality measurements. 
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Figure 7. - Effect of pressurization on ozone measure- 
ments. 
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Figure 12. - F-104 aircraft contra! I, 11 kilometer altitude, 0.8 Mach 
number. 
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Figure 13. - Measured concentratians in F1W wake, 
11 kilometer altitude, 0.8 Mach number. F104 
engine afterburner operating. 
